In the petrocalcic horizon of a middle Pleistocene soil in southern New Mexico, up to 58% of the silicate grains have dissolution features, such as embayed and serrated edges. The purpose of this study was to determine if pressure solution produced the dissolution features. Samples were analyzed in thin section using light and electron microscopy, and by measuring pH and Si concentration of saturated paste extracts. Four lines of evidence support the pressure-solution mechanism in the petrocaIcic horizon: (i) silicate grains are smooth where they contact pores, but serrated where they contact calcite; (ii) dissolution pits on silicate grains generally match the shapes of impacted calcite crystals; (iii) silicate grains are concentrated into horizonal layers in the upper petrocalcic horizon, which testifies to the pressure generated by crystallizing calcite; and (iv) outside the petrocaIcic horizon where crystallization pressure is less, silicate grains coated with calcite crystals have fewer dissolution features than grains in the petrocalcic horizon. No relationship was apparent between silicate-grain dissolution and petrocaIcic-horizon pH or Si concentration. The pH (7.6) was below, and the Si concentration (8.6 mg L-l) was above the levels required for dissolution. Thus, pressure generated by crystallizing calcite appears to have caused dissolution features on the silicate grains in the petrocalcic horizon.
S
ILICATE GRAINS with dissolution features occur in both carbonate rocks and calcareous soils (Walker, 1957 (Walker, , 1960 (Walker, , 1962 Swineford et aI., 1958; Friedman et aI., 1976; Halitim et ai., 1983; Burley and Kantorowicz, 1986; Reheis, 1988a,b) . Dissolution can result from high pH of interstitial pore solutions (Walker, 1962; Friedman et aI., 1974) and from pore solutions that are Si undersaturated with respect to silicate minerals (Rai and Lindsay, 1975; Walker et aI., 1978) .
Pressure solution is another mechanism that causes dissolution of silicate grains and is based on the principle that silica solubility increases as pressure is applied to silicate grains (Weyl, 1959; Siever, 1988a, 1988b; Dewers and Ortoleva, 1990) . In the case of silicate grains in a calcite matrix, the pressure is generated by precipitating calcite crystals that grow, contact, and push against silicate grains. The pressuresolution mechanism can account for the dissolution of silicate grains where they contact calcite, and dissolution pits that match the shapes of impacted calcite crystals (Maliva and Siever, 1988b) . Pressure solution also eliminates the need to have unverifiably high pH to account for silicate-grain dissolution.
In a soil of the lower La Mesa geomorphic surface in southern New Mexico (Fig. 1 petrocalcic horizon have smooth embayments and appear to be the result of chemical weathering. Silicate grains in the petrocalcic horizon, however, have serrated edges with dissolution pits that generally match the shapes of impacted calcite crystals. Such dissolution features appear to be the result of pressure solution. The purpose of this study was to test the hypothesis that dissolution of silicate grains in the petrocalcic horizon resulted from pressure generated by crystallizing calcite.
MATERIALS AND METHODS
The studied pedon is located within the boundary of the 1036-km 2 USDA-SCS Desert Soil-Geomorphology Project in southern New Mexico (Fig. I) (Gile and Grossman, 1979; Gile et aI., 1981) . The silicate grains, mainly quartz and feldspars, are part ofthe noncalcareous alluvium (Camp Rice Formation) deposited by the ancestral Rio Grande during middle Pleistocene time (Gile et aI., 1981; Seager et aI., 1987) . The source of calcite that formed the petrocalcic horizon, a Stage IV carbonate accumulation (Gile et aI., 1966) , is attributed to calcareous dust and Ca 2 + dissolved in rain water (Gile and Grossman, 1979) . The soil is classified as a coarse-loamy, mixed, thermic Typic Haplargid. The soil and underlying parent sediments of the Camp Rice Formation were described in a 4.5 by 38 m trench. Twenty-six horizons were designated (Table I) . .
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Soil peds were impregnated with epoxy, mounted on glass slides, and ground to 0.03 mm based on quartz first-order gray interference colors (Adams et aI., 1984, p.97-98.) . Quartz, feldspar, and lithic fragments were identified by staining (Bailey and Stevens, 1960) and optical properties (Scholle, 1981; Shelley, 1983) . The percentages of quartz, feldspar, and lithic fragments were determined for 16 horizons by counting an average of 330 grains larger than 25 ~m for each thin section on a I by I mm grid spacing (Table  I) . Samples examined with scanning electron microscopy (SEM) were sputter coated with Au and viewed with a Philips electron microscope (Philips Electronics, Eindhoven, the Netherlands) oat 7 to 15 kV. The 16 horizons were chosen based on their coverage of the main horizon types. Fig. 1 . Location of the studied lower La Mesa pedon (arrow) (after Gile et ai., 1981, p. 112 Calcite was detennined to be the only carbonate mineral in the soil based on x-ray diffraction of the fine-earth fraction. The amount of calcite was measured titrimetrically (Soil Conservation Service, 1972) . Particle-size distribution was detennined by the pipette method (Gee and Bauder, 1986) on samples with carbonates removed by 1 MHO (Jackson, 1956, p.36) . The pH and soluble-Si concentrations were measured on 24-h saturated paste extracts (Rhoades, 1982) .
RESULTS AND DISCUSSION
The petrocalcic horizon (Bkm) contains up to 45.6% calcite (Table 1) in the form of equant micritic crystals, generally ranging from 1 to 5 /-Lm. Silicate grains with dissolution features attributed to pressure solution are embedded in a dense matrix of calcite and often appear as fragmented grains with serrated edges (Fig. 2) . The isolated fragments of such grains generally remain in optical alignment; it is less common to find fragments displaced out of alignment (Fig. 2) .
Pressure solution in the petrocalcic horizon does not appear to be selective with respect to mineral type. Quartz, feldspar, and lithic fragments all have similar dissolution features. Within the profile as a whole, mineral distribution reflects the intensity of chemical weathering: quartz is most abundant in the upper solurn and decreases with depth, while the less stable lithic fragments, mostly rhyolite, increase in abundance with depth ( Table 1) . Within the petrocalcic horizon, however, the relative abundance of quartz, feldspar, and lithic fragments is similar to neighboring horizons (Table 1) . Fig. 3 . Quartz grain (g) is serrated (right arrow) where it contacts calcite (C), which was removed with I M HCl. Where the grain contacts a pore (P). however, the edge is smooth (left arrow). Bkm2 horizon. Bar scale = 15 J,£m. Plane-polarized light.
Evidence for Pressure Solution Dissolution at Calcite-Silicate Grain Contacts
One line of evidence for pressure solution is that dissolution of silicate grains occurs at the calcite-silicate grain contacts (Maliva and Siever, 1988b) . This is a general feature in the petrocalcic horizon. Figure  3 is a photomicrograph of a decalcified thin section (Wilding and Drees, 1 990) showing a quartz grain that contacts both a pore and calcite crystals. The quartz grain is serrated along the calcite contact, but smoother at the pore contact.
Dissolution Pits Match Impacted Calcite Crystals
Another line of evidence for pressure solution is the observation that dissolution pits on silicate grains match the shapes of calcite crystals impacted against them (Maliva and Siever, 1988b) . Silicate grains would not of themselves dissolve in a manner resulting in voids with the interfacial angles of impacted calcite minerals. Pressure solution, however, can account for the similarity of shapes because, as a calcite crystal grows and contacts a silicate grain, the faces of the calcite crystal would exert pressure on the grain, causing dissolution that corresponds to the shape of the growing calcite crystal.
Silicate grains in the petrocalcic horizon typically have serrated edges when viewed in thin section (Fig.  2) . Scanning electron microscopy reveals that the serrated appearance is caused by dissolution pits that correspond to the shapes of impacted calcite crystals. Figure 4 is a photomicrograph that shows a rhombic calcite crystal impacted against a quartz grain. As the result, a rhombic impression has been made in the quartz grain. Moreover, silicate grains outside the petrocalcic horizon that are not in contact with calcite crystals, and whose dissolution features are probably the result of chemical weathering, have smooth rather than serrated edges (Fig. 5) . 
Evidence for Expansive Crystallization Pressure
The pressure-solution mechanism is most clearly demonstrable where crystal growth results in mechanical displacement of framework grains (Maliva and Siever, 1988a) . Mechanical displacement of silicate grains engulfed in a medium of fine-grained pedogenic carbonate (K-fabric, Gile et aI., 1965) has been documented by several researchers (Wieder and Yaalon, 1974; Bachman and Machette, 1977; Allen, 1985; Machette, 1985) .
In the laminar zone (Bkm I) of the lower La Mesa pedon, silicate grains are commonly concentrated in horizonal layers (Fig. 6) . Such layers are interpreted by the authors to be the result of silicate grains having been pushed ahead of a calcite crystallization front to the fringes ofK-fabric. The layers do not appear to be relict alluvial strata, which have been obliterated by pedogenesis in the lower La Mesa pedon except in the C horizon. 
Lack of Dissolution Associated with Calcitans
Many grains above and below the petrocalcic horizon are coated with thin layers of calcite crystals (calcitans, Brewer, 1976) . In spite of the fact that calcitan-coated silicate grains are in contact with calcite, they have fewer dissolution features than silicate grains in the petrocalcic horizon (Fig. 7) . The lesser amount of dissolution could result because calcite crystals in calcitans can expand into the surrounding pore spaces, exerting less pressure against silicate grains. In the indurated petrocalcic horizon, however, pore spaces are plugged, and silicate grains are held rigidly in a calcite matrix. Thus, as calcite crystallization continues, pressure would be exerted against the rigidly held silicate grains, causing dissolution.
Soil pH and Soluble Silicon Concentration
Because silicate grain dissolution has been related to high pH (Walker, 1962; Friedman et aI., 1974) and Si undersaturation (Walker et aI., 1978) , these two properties were measured using bulk-solution extracts. The purpose was to determine if a relationship existed between bulk-solution chemistry and silicate-grain dissolution.
The bulk-solution pH ranged from a high of 8.8 in the Cl horizon to a low of 7.6 in the petrocalcic horizon (Bkm2) ( Table 1 ). There was no apparent relationship between high pH of bulk solutions and silicate-grain dissolution; rather, the reverse situation occurred. The highest pH values occurred above and below the petrocalcic horizon where dissolution features are less common, and the more neutral pH values occurred in the petrocalcic horizon where dissolution features are more abundant.
In order to initiate Quartz dissolution in soils, plant uptake of silica and leaching must reduce the silica concentration below 3 mg Si L -I (Drees et aI., 1989) . Again, based on bulk solution, there was no apparent relationship between Si undersaturation of bulk solutions and silicate-grain dissolution. The Si concentration of 24-h saturated paste extracts was> 3 mg Si L-I, ranging from a low of 8.6 mg Si L-I in the petrocalcic horizon (Bkm2) to a high of 22.8 mg Si L-l in the Cl horizon (Table 1) .
The fact that pH and soluble-Si concentration in bulk solution extracts might not reflect the concentration in thin, isolated films between calcite and silicate grains has been pointed out by Walker (1962) and Drees et aI. (1989) . Therefore, pH and Si undersaturation cannot be ruled out as possible dissolution mechanisms. In fact, high pH in thin films might be operating in combination with pressure solution.
CONCLUSIONS
The mechanism causing dissolution of silicate grains in the petrocalcic horizon of the lower La Mesa pedon is attributed to pres:mre solution caused by crystallizing calcite. The pressure-solution mechanism can account for (i) the fact that silicate grains have dissolution pits where they contact calcite, but none where the same grain contacts a pore; (ii) the similarity between the shapes of di!:solution pits and impacted calcite crystals; and (iii) th~ fact that grains coated with calcitans outside the petrocalcic horizon have fewer dissolution features than grains in the petrocalcic horizon, in spite of the fact that both are in contact with calcite crystals.
